Abstract Automated Implantable Cardioverter Defibrillators (AICD), simply known as an Implantable Cardioverter Defibrillator (ICD), has been used in patients for more than 30 years. An Implantable Cardioverter Defibrillator (ICD) is a small battery-powered electrical impulse generator that is implanted in patients who are at a risk of sudden cardiac death due to ventricular fibrillation, ventricular tachycardia or any such related event. Typically, patients with these types of occurrences are on anticoagulant therapy. The desired International Normalized Ratio (INR) for these patients is in the range of 2-3 to prevent any subsequent cardiac event. These patients possess a challenge to the dentist in many ways, especially during oral surgical procedures, and these challenges include risk of sudden death, control of post-operative bleeding and pain.
Introduction
Automated Implantable Cardioverter Defibrillators (AICDs) or otherwise simply known as Implantable Cardioverter Defibrillators (ICDs) have been in use for more than 30 years. An ICD is a small battery-powered electrical impulse generator that is implanted in patients who are at a risk of sudden cardiac death due to ventricular fibrillation and ventricular tachycardia (Roedig et al., 2010) . ICDs are widely used in patients with malignant ventricular tachyarrhythmias and prevention of sudden cardiac death (Washizuka et al., 2005) . ICD devices are also utilized to treat Brugada syndrome, and the devices were found to provide full protection against sudden death related to primary ventricular fibrillation (Cappato et al., 2012) . Pacemaker or ICD implantation among patients receiving anticoagulant therapies is a common occurrence (Bernard et al., 2012) . The device is programed to detect cardiac arrhythmia and correct the condition by delivering a jolt of electricity (Theodotou et al., 2009 ). ICD definitively reduces the incidence of sudden cardiac death in younger patients on optimal medical therapy; however, whether the elderly population derives similar benefits remains unknown (Revenco et al., 2011) . Maintaining anticoagulation increases the risk of bleeding complications for most operative procedures, whereas discontinuing anticoagulant therapy over a period of time may increase the risk of thromboembolic complications (Bernard et al., 2012) . Patients with cardiovascular disease constitute risk cases in dental practice, particularly in the absence of adequate medical controls (Steinhauer et al., 2005) ; therefore, dentists must understand the medical problems of each individual patient, the treatments received, and the potential dental treatments. The aim of presenting this case report is to outline the important issues when dealing with patients who present the risk of sudden cardiac death, who are fitted with an ICD device and who receive warfarin therapy.
Case report
A 60 year-old Saudi male patient was referred from the Interns' clinic, College of Dentistry, King Saud University. The patient reported to the Special Care Dentistry clinic within the Maxillofacial Surgery Department in the College of Dentistry, King Saud University with a grossly neglected mouth. The patient had many decayed and missing teeth ( Fig.  1 ) and was unable to obtain proper dental consultation and treatment due to his complex medical history. Recently, he experienced pain and tenderness in the lower right posterior area of his mouth. The patient is married, living with his family and a non-smoker. He had previously undergone a few dental procedures in the past such as extractions, and he brushes occasionally with a fluoridated tooth paste.
The patient was on treatment and follow up for multiple medical conditions, including anterior wall myocardial infarction and a left ventricular (LV) apical clot with peripheral vascular lower limb embolism 10 years ago. The patient was hospitalized in July 2010 with a significant coronary artery disease and left ventricular dysfunction (LV failure), which was due to a large organized LV apical clot that caused shortness of breath. After cardiac catheterization, the patient was diagnosed with Ischemic Heart Disease (IHD), Acute Left Ventricular Failure (LVF) and New York Heart Association Class III (NYHA III) Heart Failure. Subsequently, the insertion of a subcutaneous Implantable Cardioverter Defibrillator (ICD) was necessitated. Although the patient was stable, he was categorized with NYHA III heart failure with a high risk of cardiac sudden death 5 months prior to his first dental visit to our department.
The patient is being followed up at the King Fahad Cardiac Centre, King Khalid University Hospital (KKUH), King Saud University, Riyadh. The patient is taking warfarin, and the desired therapeutic range for his International Normalized Ratio (INR) is 2-3. Blood investigations including INR and adjustment of warfarin dosage are performed every 2-3 weeks. The patient presented with laboratory investigation reports from the warfarin clinics at KKUH 1 week prior to his first dental appointment. The patient had been taking warfarin 4 mg once daily for the last few weeks; however, his dosage had been increased to 4.5 mg to achieve the target INR. Other than warfarin, the patient was on 20 mg Simvastatin, 6.25 mg Carvedilol and 81 mg Aspirin once daily.
A treatment plan was formulated for the patient during an initial consultation with his physician regarding the effect of dental treatment on his general health. A referral to anticoagulation clinics for INR regularization was arranged. The patient was given assurance, education and motivation for oral hygiene. Extraction of the lower right third molar and the remaining roots with the potential risks was explained to the patient. Subsequently, restoration of the upper right central incisor as well as realistic treatment options for prosthetic rehabilitation of missing teeth were discussed with the patient.
Summary at the initial visit
A Dental Panaromic Tomograph (DPT) (Fig. 2 ) and periapical radiographs of the lower right third molar and the upper right central incisor were taken. On the spot INR was performed using the CoaguChek apparatus, and the reading Figure 1 Oral health status of the patient at the initial visit.
Figure 2 OPG revealing the dental status and bone. was 4.2 (Fig. 3) . A pulp vitality test for the lower right third molar revealed irreversible pulpitis. The patient was reassured of his situation and oral hygiene instructions were provided. The treatment plan was discussed with the patient, including possible alternatives and problems that may arise during the course of treatment. Consulting the anticoagulation clinics at KKUH for regulation of INR was recommended to the patient because the INR level (INR 4.2) was higher than the target level (INR 2-3) as well as higher than the level considered safe (INR 4) for any dental intervention (Perry et al., 2007) . Furthermore, the patient was told that he would need a thorough maintenance of his oral hygiene due to the impact of any dental intervention on his underlying medical condition. The patient was instructed to bring the complete medical report during his next visit and was given a referral letter to be discussed with his physician at KKUH. The patient was advised to take a Paracetamol tablet for pain because Ibuprofen, which is a non-steroidal anti-inflammatory drug (NSAID), could lead to a possible interaction with warfarin (Hakonsen et al., 2009 ).
Subsequent visits
After revisiting the anticoagulation clinics at KKUH, the warfarin dosage for the patient was reverted to 4 mg for 1 week. The patient brought a letter from the medical specialist describing his condition and advising care to be taken during the dental treatment. No absolute contraindication was indicated for the proposed dental treatment. The patient did not require antibiotic prophylaxis for his cardiac condition as per the National Institute for Health and Clinical Excellence (NICHE) guidelines March-2008 (Stokes et al., 2008 . Caries excavation was performed for the upper right central incisor, and temporary restoration was placed with a Dycal (calcium hydroxide cement) base. All procedures were performed using a stress reduction protocol and the patient was monitored throughout the treatment.
Follow up visits
Permanent restoration was performed on the upper central incisor using a glass ionomer cement base and was restored with composite. All root stumps were extracted sequentially with care. INR was conducted at each visit using the CoaguChek device. In total, 9 teeth were extracted in four visits. At first, the mobile remaining root stumps of tooth numbers 18 and 16 involving the upper right posterior quadrant were extracted. At this visit, the INR checked with CoaguChek was 2.07. All regional blocks were avoided, and a combination of Prilocaine + felypressine (Citanest 3%-Octapressin) was used as a local anesthetic of choice. Surgicel was used as a hemostatic agent for post-operative bleeding control and the wounds were sutured using Vicryl 3-0 absorbable sutures.
The patient was given verbal as well as written post-operative instructions for the use of a 4.8 % Tranexamic acid mouthwash (10 ml for 2 min in the mouth, 4-5 times a day for 3-5 days). In case of any complication or excessive postoperative bleeding, the patient was advised to attend the clinic or contact an oral surgeon on call by phone. Instructions for post-operative eating and mouth cleaning were given and the patient was asked to follow up after 1 week. Remaining root stumps of other quadrants were extracted according to the order of their mobility. During the next three visits (each a week apart), tooth numbers 13, 12, 21, 23, 24, 36 and 48 were extracted. First, the teeth in the right upper anterior quadrant were extracted then the left upper and lower quadrant teeth were extracted at the same time and lastly, tooth number 48 in the lower right posterior quadrant was extracted. Each appointment was kept as short as possible to not stress the patient. None of these appointments lasted more than 45 min including the post-operative measures and instructions. The patient's INR was recorded at each visit with CoaguChek (Fig. 3) , and the INR was found to be 2.04, 2.6 and 2.4, respectively. During extractions, the patient was continuously monitored with the help of a pulse oximeter. Topical anesthesia and local infiltration anesthesia (Prilocaine + felypressine (Citanest 3%-Octapressin) were used except for the lower right third molar on the last visit in which a careful Infra alveolar nerve block was used with a technique that minimizes chances of an intravascular injection (Khalil, 2014) . A similar post-operative care was delivered as during previous visits, and Surgicel packs were used as hemostatic agents. The same post-operative instructions were given, including the use of Tranexamic acid mouth wash. The patient returned at each visit with an uneventful report, except for a minor oozing of blood. Moreover, the patient-reported post-operative pain was rated on a scale of 10, and the patient was recalled after 3 weeks.
Recall visit
The patient returned on the scheduled appointment, and his post-operative healing was uneventful with minimal post-operative pain and bleeding. The reported pain after the last extraction was more than the previous extractions; however, the tissue healing was progressing as expected. The patient desired to have an implant or undergo fixed prosthodontic rehabilitation for the lost teeth; however, these options were not feasible due to his medical condition. The patient agreed to receive a removable partial denture in both arches, and impressions were made of both the upper and lower jaws. Using a bite registration and re-confirmatory approach, the upper and lower partial dentures were fabricated. The patient was ultimately satisfied with the achieved occlusion and esthetics (Fig. 4) . 
Discussion

Stress reduction protocol
Dentists are required to obtain a detailed medical history of patients with ICD. The presence of any signs of cardiac arrhythmia should be carefully evaluated and the patient's physician should always be consulted. Stress reduction protocols should be implemented in all patients to reduce the risk of cardiovascular effects caused by stress during dental treatment. Stress reduction protocols involve the establishment of a good rapport with the patient, suitable appointment times and duration, successful local anesthesia and sedation if necessary (Steinhauer et al., 2005) . The dental session should be kept as short as possible and should be terminated if the patient develops any signs or symptoms of being tired or cannot tolerate the procedure (Wraith, 1999) . The patient was monitored with a pulse oximeter during the dental procedure to detect any changes in heart beat rate and oxygen saturation; however, no sedation was deemed necessary for the patient. Any complex dental procedure must be explained very clearly to the patients and can be discussed at several appointments to reduce patient stress.
The use and selection of local anesthetic
The stimulation of excessive amounts of adrenaline from the body and the use of external adrenaline in the local anesthetic solution may produce life threatening arrhythmias in several patients (Campbell et al., 1996) . The use of local anesthetics in patients with ICD should be carefully evaluated. Local anesthetics should be used with caution, dose should be minimized and patients should be continuously monitored. In addition, excessive amounts of vasoconstrictor should be avoided. The most commonly used vasoconstrictor with lidocaine as the local anesthetic is adrenaline. Adrenaline can induce multiple changes in the cardiovascular dynamic system (Malamed, 2012) . With our patient, to avoid any complications related to adrenaline, the combination of prilocaine and felypressine (Citanest 3%-Octapressin) was used as the local anesthetic. Effective pain control during and after dental treatment is important in such patients because the dental treatment may trigger cardiovascular changes and risk the development of arrhythmias (Jowett and Cabot, 2000) . Aspiration is important during the local anesthetic injection to avoid intravascular injections, which are associated with many systemic complications (Malamed, 2012) . If the dentist needs to use a nerve block, many techniques have been described in the literature as modifications of the conventional inferior alveolar nerve block to minimize the risk of intravascular injections (Khalil, 2014) , such as injection at the retromolar area and the pterygomandibular space (Okamoto et al., 2000; Suazo Galdames et al., 2008) . Moreover, all regional blocks were avoided in this case except the infra alveolar nerve block for the lower right third molar, which was firm and needed more adequate anesthetic control. Local infiltration was preferred to avoid chances of bleeding into the tissue spaces, particularly the lingual spaces. During oral surgical procedure preparation, the incision and tissue manipulation were reported to cause maximum changes in the heart rate and ECG waves (Miller et al., 1998) . Care was exercised during the extraction of the root stumps to avoid any bone cutting and excessive tissue manipulation during the procedure (Fig. 5) .
Dental and surgical devices
Patients with fitted cardiac devices that control heart function are at a risk of any electrical devices used in dentistry. Several dental devices such as electrosurgery and ultrasonic scalers may interfere with the implanted defibrillator (Roedig et al., 2010) , and several devices such as an electrical pulp tester, amalgamator, electric tooth brush, and curing light may not cause any interference with implantable devices such as the pacemaker (Miller et al., 1998) . No significant event was observed when using the curing light for restoration of the anterior upper tooth.
Effect of warfarin
Many patients with ICD undergo anticoagulant therapy for their original event. Warfarin, which is the most commonly used oral anticoagulant drug, is a vitamin K antagonist that is rapidly absorbed one hour after ingestion and possess a half-life of 36 h. Extraction and several other dental procedures should be performed after evaluation of the patient's International Normalized Ratio (INR) (Richards, 2008) . The INR therapeutic range is 2.0-3.0 for most regimens and in several other conditions 3.0-4.0 is advised, like for patients with mechanical heart valves or recurrent episodes of emboli (Ishibashi et al., 1996) . A theoretical risk of post-operative bleeding appears to be minimal because hemorrhages can be controlled by local hemostatic measures, avoiding thromboembolism, which may occur after anticoagulant therapy withdrawal (Kudsi et al., 2012) . In our case, the INR therapeutic range was between 2 and 3. Dental surgical procedures can be safely performed up to INR levels of 4 (Barrett, 2004; Balevi, 2010; Perry et al., 2007) . However, the patient reported an INR of 4.2 during the initial visit, thus needing readjustment of warfarin therapy. Furthermore, INR should be confirmed on the day of procedure (Karsli et al., 2011) . With the help of CoaguChek, the patient's INR was monitored on the spot (Fig. 3) . Local measures after dental surgical procedures are valuable to control bleeding. In our patient, bleeding control was achieved with local hemostatic agents (Surgicel), resorbable suturing and tranexamic acid mouth wash. Moreover, NSAID analgesics such as Ibuprofen was avoided for post-operative pain control; instead, a combination of Paracetamol and Codeine Phosphate tablets was prescribed.
Antibiotic prophylaxis
Prophylactic antibiotics are not recommended to be used in patients with ICDs before dental treatment according to the American Heart Association guidelines and the National Institute for Health and Clinical Excellence UK (NICE guidelines UK 2008) (Baddour et al., 2010 (Baddour et al., , 2011 . The risk of developing device-related infection in patients with ICD is considered low; therefore, antibiotic prophylaxis is not needed for these types of patients (Baddour et al., 2010) . The patient was not advised to receive any antibiotic prophylaxis during the course of the treatment.
Prosthetic management options
The prosthodontic rehabilitation of patients with ICD has always been a challenge to prosthodontists and general practitioners because of uncontrolled post-operative bleeding. Recently, the dental implant placement has been a preferred choice as the prosthetic replacement because patients primarily prefer fixed prostheses compared with removable prostheses (Diz et al., 2013) . The risk of implant surgery has restricted the treatment option for ICD patients, and high mortality rates have been shown in ICD patients compared with normal cardiac patients (Zareba et al., 2003) . Fluctuating INR has also been of concern regarding dental surgical procedures (Tompkins et al., 2010) . The risk of post-operative bleeding and the mortality rate of patients during surgical dental procedures have been documented (Steinhauer et al., 2005) . Oral anti-coagulant treatment such as warfarin and prophylactic doses of aspirin in patients with ICD may need regular monitoring and change in doses, which may affect post-operative bleeding (Al-Khadra, 2003 ). In the above discussed case, the patient preferred the fixed prostheses; however, the fluctuating INR, physician concern, patient's oral hygiene and periodontal condition only allowed the removable prostheses options. For example, dental implants were questionable because the OPG revealed progressive bone loss (Fig. 2) , and the patient was satisfied with the rehabilitation results (Fig. 3) . Further follow up visits are scheduled for this patient.
Such medically compromised patients experience a lot of inconveniences until they receive proper care, which can provide the patients with better oral health status. Although the systemic disease or condition can be intimidating, a detailed history, proper consultation and careful monitoring can make the case clear and manageable.
